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June 24, 1991
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Mr. J. William McDonald
U.S. Bureau of Reclamation
Denver Office

P.O. Box 25007

Denver, CO 80225~0007

Dear Mr. McDonald:

Subject: Irrigation and Drainage Decision Support System
(Irrigation Drainage)

Imperial Irrigation District (IID) has a keen interest in
determining ways to improve the efficiency of its water use,
Accordingly, we would like to explore the possibility of joint
funding of irrigation and drainage research work as proposed in
your June 4, 1991, letter.

At this preliminary stage, it would be helpful if Colorado State
University would develop a draft proposal that would define the
objectives, time frame, and expected cost for the study. IID staff
would be available to work with Dr. Garcia and Dr. Podmore to help

formulate the proposal.
Very truly yours,

Rk AN Gralr)

' HARLES L. SHREVES
General Manager

RJL:clc
a:I&Dsup.sys
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: DENVER OFFICE - =
IN REELY P O BOX 25007
NEFERTO: BUILDING 67, DENVER FEDERAL CENTER
D-5740 DENVER, COLORADO 80225-0007

Mr. Charles L. Shreves
General Manager

Imperial Irrigation District
PO Box 937

Imperial CA 92251

Subject: Irrigation and Drainage Decision Suppert System (Irrigation
Drainage)

Dear Mr. Shreves:

The Bureau of Reclamation (Reclamation) has been interested in integrating an
irrigation scheduling module with consumptive use and drainage medules into a
single decision support system. Dr. Luis Garcia has begun work on the drainage
and consumptive use modules. Reclamation has an irrigation scheduling program
(WAT80) on the mainframe computer that has been used by staff for the past
several years. It has been our desire to port this program fo the UNIX
workstation environment with a graphical user interface.

We understand that the Imperial Irrigation District (IID) is in contact with Dr.
Luis Garcia and Dr. Terence Podmore, Colorado State Universily, regarding
adapting Dr. Garcia’s conjunctive irrigation and drainage design decision support
system to the needs of IID. The Denver Office of Reclamation would be willing
to cooperate with Colorado State University and 11D in this enterprise and offer
the knowledge and time for adapting WATBO to the needs of IID. Tasks involved
in our portion of the effort would be:

Port WATS80 to the UNIX workstation environment

1

Fmbed WAT80 in a spatially oriented graphical user interface

Adapt WAT80 as necessary for use in the IID area
Calibrate and field test WAT80

Our staff will work closely with staff at Colorado State University and TID to
develop and implement the irrigation schedule component of this effort. We



estimate that approximately 5.5 staff months will be required for the
irrigation component. We offer these 5.5 months as our portion of the effort.

We have discussed our involvement in this effort with Reclamation staff in the
{ ower Colorado Region, Boulder City, Nevada. They concur in the value of the
coordinated effort between Reclamation, IID, and Colorado State University.

Sincerely,

J. William McDonald
Assistant Commissioner
Resources Management
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The publication of this booklet by the Cal Poly Agricut-
tural Engineering Department has been made possible by funds
donaced to the Department Further contributions will be
gravefully received to provide wider distribution and to assi
Th other irrigation related projects. Tndividual copies of
rhis booklet are available from the Agricultural EngineeTring
Department, Cal Poly State tpiversity, San Luis Obispe, GA -
93407 for Si 00 to cover postage and nandling. Bulk ordezs
may be purchased at § 60 per copy plus tax and transpertation
directly from the printer .

This boolklet has been written Y professor Jehn 1,. Merriam
who, for 20 years before starting Lo teach, was 2 practicing
engineer with the Soit Conservation Service in gouthern Cali-
fornia and abroad. He is a registered civil and agricultura]
engineer and a farmer as well. 1In 1978 he rerired following
twenty years of teaching practical and theoretical irrigation
classes at Cal Poly, & university noted for its praccical

approach, and now is doing consulting work at home and abroad
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The information in this booklet is pertinent all of the
time, but as the sub-title suggests it i5 extremely pertinent

Las

in periods of water deficiency. Watex saved then gan be
r all but the

L)

equivalent to & major on-farm source of water fo
best irrigator. It would not be so for projects where t00
deep and runoff losses are recovered for subsequent TEUSE.
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The irrigator who can increase his efficiency from 50%

up to 73% can plant half again as much land as he originally

expected to. To illustrate: if the water allocation, as used

‘ under a typiecal current 50Y, efficient prograi, would satis-

factorily produce a crop on 50 acres, a 75% efficient program

will produce a crop 00 75 acres.
Tn a drought Year, normal irrigatiom economics must be

thrown out the window -= values have changed. One is no
1abor, capital

longer greatly concerned with the cost of water,
jnvestment L1f irrigation efficiency can be increased. The
value now lies in tewms of additional production from addi-

tional land cropped. There is no other single improvement
ure that can provide so great a revurn and hence justify

\ proced
so much management OT capital inmput.
If one grows a Crop that nets $200 per acre and plants 753

1
E jnetead of 530 acwes, rhe extra return is $5,000 This wiil

justify borrowing the funds to make the needed capital invest-

ment for such improvements as a return flow system, 2 reservoir,

pipelines (permanent OT portable}, and lining the ditches.

Equally important jg training the irrigator and paying him a
t just the

salary commensurate with his enhanced ability no

i

e e A 8 2 e L BT TR e L T NI



PRI N ST LR LS S s TR

METHQD ADAPTABILITY

Soil infiltration Ground Practical
Method Uniformity Rate Slope Stream Size Efficiency Labor Power
basin eniform in any rate graded to  large rela- 75% to 85% fintensive none
gach basin very level tive to but in-
basin size frequent
basin-check uniform in any but mild large rela- B0% to 90% intensive none
each-basin very slow tive to but n-
chaeck basin size freguent
border-strip uniform in any but mild large rela- 70% to 90% intensive none
each strip extremes tive to * but in- ar
strip size frequent  iow
furrow uniform in any but mild or medium 70% to 90% intensive none
each field extremes “contour® * but in- or
frequent Tow
sprinklers may be any but any farm- small but 65% to 80% daily er high
intermixed slow able slope contingus automate
trickle may be all but very any farm- small nearly 70% to 80% automate medium
intermixed extremes able slope continuous

* A yeturn flow system 13

furrows.

necessary to obtain the highest values

Figure 1

with border-strips and
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jeast you can hire & bedy for, and utilizing professional agri~
eultural engineers, Extension Service people, Spil Censervation
Service personnel, OF cal Poly trained jrrigation students to
make on-farm evaluations of your gperation and system tO bring
them up to the best that is practical\ The evaluations may
rake a couple of days while you are irrigating. Or ome may be
able to do much of the simpler parts of the evaluation oneself
after studying the succeeding chapters.

(A booklet "Irrigation System Evaluation and Improvement,”
is quite a bit more technical, but would be very helpful for

who will make the effort to study it oT who receive help

those
1+ is obtainable from Blake Printery,

from trained personnel.
27972 Beebe Street, San Luis Obispo, ca 93401, for 52.00
tax and postage included.)

The chapters in this bookler first ask the guestions CO
determine whether one can improve his irrigation efficiency
(and save labor and power as well as water), and then describe
how to do so for rhe furrow, border-strip, and sprinkle
methods. The closing chapter tells about several general prac-
tices that facilitate improving effective use of water.

Figure 1, Method Adaptability, on the opposite page, PTe~
sents general snformation about where each method can be used

apd its limitatioms.

iii
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Reservoirs in citrus
Coachella Valley, California
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Chapter 1
QUESTIONS WEEDING ANSWERS

Where do you fit? Most irrigaters are operating at about
50% season-long efficiency (Actual Application Efficiency, AAE).
With improved management practices, which in many cases can be
easily done, efficiencies can be increased into the 60-70%

With some capital investment and good management,
field conditions, can

Tange. sur-

face irrigation methods under favorable
be increased into the B80-95% range, and sprinklers can be

raised up to 75% and possibly 80%. These are potential Appli-
cation Efficiency (PAE) values. PAE equals minimum depth
stored/average depth applied when everything is just about
right. It measures the capability of a system OF method and is
the only term that may be used to compare them. AAE is defined
by the same equation using values found at an actual irrigation.
Differences between the twO show there is rwom for improvement

usually by management. Low values of PAE indicate need for

improving the system.

{The above percent efficiencies, PAE and AAE,
inition of minimum as being
and not

are based on

the Soil Comservation Bervice def
the average depth on the lowest gquarter of the field,
the coefficient of uniformity values based essentially on
average of lowest one-half.)
pefinitions and Terms are descri

bed more precisely in the

Glossary.
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The graphs on the oppesite page tell the story of what a
very good irrigation should be accomplishing. They show where
the losses occur and their magnitude when operations are near
optimum. For the furrow and border-strip graphs, the advance
curve tells the time when the watexr reached any point down the
field and the recession tells when it dried up. The difference
between them gives the duration water was at any point infil~
trating into the ground. The jrrigation curve tells how long
water should be at any point. The dorted lines past the ead
of the field represents water running off.

Below these curves are the depth infiltrareé curves. They
show the depth of water infiltrated in the time interval
plotted above. By proportions of the areas, the distribution
of the water can be found and expressed as a percent of the
toral as shown on the figures. When there is a return flow
system (numbers shown in parenthesis), the run-off water can
pe reused so the only loss 1s to too deep. The too deep loss
is a small amount comtrary to what many people believe simply
because intake rate decreases with time and very little is
jinfiltrating towards the end of irrigation even though gquire a
bit of time may elapse.

The sprinkler distribution is independent of the soil
intske rate so only a depth infiltrated curve is needed, and
there is no decrease in the loss rate with time.

A full evaluation of an irrigation will furnish detailed
informarion and provide the basis for economic decisions.
However, the following questioms will serve tO show the magni-
tude of the easily obtainable increases in efficiency and the
following chapters how to do so.

Fundamental to all irrigation methods aze certain essen-
rial conditions. "Is it dry emough to irrigate?” and "Is it
wet enough to stop?" To properly act in response to these

guestions requires a water supply that is flexible in freguency,
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rate, and duration. When the water supplier can't do this,
on-farm reservoirs are in order. The photo of a portion of
Coachella Valley, which has the highest per acre yield of any
USBR project, shows what farmers with expensive land feel is
the relative value of productive land versus a reservoir. Om
properly designed reserveir and distribution system can serve
80 to 160 acres and save much water and labor.

The question "Is it dry enough to irrigate?" - in other
words, has the soil moisture deficiency become equal to the
Management Allowed Deficiency (MAD), which is the optimum
dryness. This question is now being widely answered by the
Irrigation Management Service (IMS) program available through
many irrigation districts and irrigaticn consultants. Tt can
also be done by the irrigator making soll moisture deficiency
checks using a soil auvger. This simple technique will be
covered in the last chapter.

The guestion "Is it wet enocugh to stop?" can be determim
by prebing the depth of penetration of the water during irri-
gation and turning it off ar the proper time when the soil
moisture deficiency has just been satisfied. Flexibility of
Duration is important since all water run after this moment L
100% wasted except for surface irrigation mwethods utilizing =
return flow system.

Now with this background, the irrigator can begin Eindim
his own irrigation efficiency by subtracting from the very hi
but attainable Potentizl Application Efficiency (PAE) wvalues
shown on the graphs -- 90% for furrows, B85% for border-strips
and 80% for sprinklers -- as follows:

-- If you always run water for 12 or 24 hours or some other
fixed number of hours instead of turning it off at a time
based on a field check, subtract 10% to 20% or more efficienc
points. This is usually the single biggest loss for most
systems and especially for sprinklers. (For example, if the



system were designed to run 24 hours bur 20 hours would have
been adequate, one would lose (24-20)/20 = 20%. (Turn it off!)
If your crop mever shows moisture stress anywhere, you are
never wnder-irrigating so on the average vou must be over-irri-
gating, lose 5%.

-~ If you are using surface irrigation and don’t have a return
flow system, take off 20% to 40% for furrows, or cut back the
srream and lose only about half as much. Furrows really need
a peturn flow system to save water and labor. For border-
scrips don't take off any more a8 that loss is included in the
original figure, but you could save 5% to 13% if you did have

a return system or, On candy soils, carefully pond the water at
rthe lower end. (Invest some capitall)

-~ For a sprinkler system designed to Tun 12 hours, do you make
your night run shorter than the hotter, windy day man by an
hour or so or alternate the sets to compensate? No, then take
off about 3%. Do you have leaking gaskets, old and new nozzles
on the same line? Yes, then take off 5%. Have you used &
pressure gauge at various locations in the system Lo See if
pressures are reasonably uniform and at the design value -- do
you know the design pressure? No, take off at least 5% Do
you open the line valve wide open for all cets? Yes, take off
5%. Do you tip the sprinkler risers along the edge of the
field so that instead of wetting the road you put that water
in the field for your crop? No, take off 1% or 2%. Do you
use the alternate set precedure when you move your line at
every other irrigation? No, take off 5% or more. Do you
operate im & hot, dry climate? Yes, take off 5 to 10%, and 5%
more if it is very windy. Does the sprinkler jet from one set
reach or unearly reach the location of the previous lateral
lceation? No, lose 5%.

-- For furrows, do you use & small stream, which takes a long

¢#ime to reach the lower end {Advance Ratio 1:1) and so




over-irrigate the upper end, but gives very little rum-off to

be saved by a return flow system? Yes, subtract 15 points.
[Advance Ratio (AR) = Time of Advance needed to reach the
lower end/Time of Irrigation needed to infiltrate desired
depth at lower end.] Do you use a large stream to reach the
end guickly {Advance Ratio 1:4) and so have very little too
deep but do have lots of run-off and no return flow system?
Yes, lose 30% to 40% Same as above but do have a return flow?
Yes, lose no points. The equivalent te a large stream is a
short furrow since the Advance Ratio is the key to limiting
excess deep penetration at the upper end.

-~ For both surface methods, do you have dissimilar soils and
intske rates along a furrow or strip? Yes, lose 5% to 10%.

Do you have Z4-hour water deliveries and no reservoir? Yes,
lose 10%.

-~ For border-strip irrigation, do you have water on the upper
and lower end of the strip for about the same duration? No,
lose 5% to 15%. Do you turn off the water when the stream is
more than .6 to .7 of the way down the field for the finer
textured soils or more than abour .9 for sandy soils so that
run~-off is excessive? Yes, lose 5% to 15%.

If these questions and answers convince you that efficien-~
cies can be improved then you can save water and labor. And
remember that it is not the cost of water amd labox that counts
in a dry year, but how much more crop can be produced with a
limited water supply by planting more area with water conserved
because of increased efficiency.

The subsequent chapters describe im detail how ta operate
to attain the higher values by making one's Actual Application
Efficiency (BAE) approach or egual the Potential Application
Efficiency (PAE).




Chapter 1T

MANAGING THE FURROW METHOD
Water is lost in furrow irrigation in two ways -- 1t runs
off and it goes too deep. Stopping oOr reducing these losses
conserves water, and upsually labor and energy. In areas where

more land is available than water to lrrigate it, the value of
h crop it can produce, and

tal to apply it ceases to
Efficient ifrrigation um-

this water is measured by how muc

the cost of it and the labor and capi

be of dominant economic importance.
der such conditions is of great value.

Basic to all irrigation are fwo questions
nIg it wet enough to stop?"
se questions will be covered in Chap-
doing so and the effect on the op-

eration of furrow irrigation systems will be illustrated here.

for furrows, runoff and uniformity of the depth of water
are related to the speed of wateYr

of Advance) relative to how long

job of soaking in encugh water
ssed as the

-~ "Is it dry

enough to jrrigate?” and The tech-

niques for answering the
ter V, but the importance of

infiltrated along the furrow
reaching the lower end (Time
it peeds to be there to do a
(Time of Irrigation}. This is conveniently expre
Advence Ratio (AR) -- the ratio of the Time of Advance (T adw)
to the Time of Irrigation (T;) ideally, otherwise to To-

If a large, but non-erosive, streanm is turned into the
furrow it will reach the lower end guickly if the length is
The water will be on the upper end only a little
at the lower end and a very uniform irrigation

reasonable.
longer than




will result. This uniformity is measured by the Distribution
Uniformity:

average depth infiltrated in lowest quarter of field
average depth infriltrated on whole fiela

The same effect can be obtained with a smaller stream and a
shorter furrow.

DU =

However, if this relatively large stream con-
tinues to run full size for a number of hourg more in order to
irrigate the lower end, there will obviously be lots of runoff.
There are several management tools to adjust these condi-
tions to get the best results. Changing the Time of Advance
by changing the stream size is the easiest thing to do to af-
fect the Advance Ratio and hence the uniformity. The largest
usuable non-erosive stream will give the best uniformity. Ad-
justing the lenpgth by using gated pipe across the middle of the
field or other ways, may often be practical.
rows rather than meking new ones each time lers the water move

faster, reducing the Time of Advance.

Reusing old fur-

Varying the Time of Irrigation, the other factor in the
Advance Ratio, can be done several ways including changing the
desired soil moisture deficiency at the time to irrigate (Man-
agement Allowed Deficiency, MAD), changing the furrow spacing
. Other
things such as driving the tractor wheels or pulling a drag

or its shape, reusing furrows or making new ones, etc.

down each furrow may be helpful in reducing the intake rate.
Chiseling often is done in a way which results in a different
effect in different furrows and it usually increases intake
rate. Both of these latter items tend to make irrigation less
uniform.

The graphs of Cumulacive Intake, Advance and Recession,
and Depth Infiltrated shown on Figure 3, are taken from a
field evaluation on a compact sandy loam.
only slightly to better illustrate the concepts.

cate the relative effects of changing stream size to affect

They are modified
They indi-

the Advance Ratio and the losses going too deep and running

T Losr LM eI A i
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off, and the amount that is stored for crop use. Not indicated
is the effect on changing length. A shorter furrow with other
conditions constant, will result in a smaller AR.

FUURROWS
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distance
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FIGURE 3

The Cumulative Intake curve simply indicates at any time
the depth of water that would have infiltrated into the soil
for the particular furrow shape and spacing that was tested.
From such a test, presuming reasonably similar conditions at
the next irrigation, a good estimate can be made of how long
water would need to be near the lower end (average of the low-
est quarter) to satisfy the desired soil moisture deficiency
(MAD). Or if one knows how long the water has been at a spot,
a reasonable estimate can be made as to what amount of water
has infiltrated.

The Advance Curve shows how fast three different size
streams would go down the furrow. They have been drawn SO
that the time it takes them to reach the end (Time of Advance)
is 1/4 and 1/2 of and the same as (1/1) the Time of Irrigation.



This represents a range from quite rapid advance to moderately
slow corresponding to Advance Ratios of 1/4, 1/2, 1/1. The
results of these variations are shown in the table with the
curves, Figure 3. It should be studied for trends and magni-
tudes.

For the irrigations indicated, which were turned off when
it was just wet enough to stop, for the AR of 1/4, the percent
lost to too deep was 5% of the total water applied, lots of
which ran off, for the 1/2 AR, 11% was lost, and for the L/1,
21% went too deep. Remember there are a number of ways to af-~
fect the AR to make it and the too deep loss what you want
them to be, and the loss can be kept smaller with furrows than
with any other method.

Now, let's look at another too deep type of loss. If it
isn't "dry enough to irrigate,' but one thinks it is and ap-
plies the regular irrigation, lots of water may go Loo deep.
Water cannot be stored in the soil in a greater amount than
there is dry soil in the root zone to hold it, i.e., greater
than the Soil Moisture Deficiency (SMD), so check it before
deciding to irrigate. Graphically, on the Depth Infiltrated
curve, all the space above the SMD line now is lost to too
deep and the AAE shown in the table is low.

This can be partially alleviated by acting in response
to the second question, "Is it wet enough to stop?” If the
water were turned off when the depth of water infiltrated at
the lower end equalled the SMD rather than at the planned MAD,
the loss to too deep from over-irrigation would be eliminated.
However, it would start a chain of consequences. The Time of
Irrigation would be reduced. This would increase the Advance
Ratio. That would result in a larger percent of water infil-
trating at the upper end relative to the lower end. However,
the effect of all of this could be overcome by using a shorter

furrow or a larger initial stream to have the same AR.

10




To summarize these seemingly invelved, inter-velated pro-
cedures, if you want to put on a lighter irrigation use a
+horter furrow, or a large enough stream to get to the lower
ond with a reasonable AR, and turn it off on time -- the same
4s one would do for any good irrigation. For annual crops
wlth an expanding root system, an early, light application can
pasily be done by using gated pipe across the middie of the
fleld effectively shortening the length. The upper and middle
lines should be run simultanecusly to avoid double irrigation
at the middle line. The full length can be used for the heav-
ier, later irrigations. Or the light early applications can
be made longer by including part of the "pre-irrigation' depth.

Furrow spacing has a very definire effect on Time of Irri-
gation. It simply takes longer to move water further out to
the side and it goes slower and slower the wider the spacing.
Since it is taking longer, it 1s also going deeper. This all
means that if one is putting on light applications one needs
furrows closely emough spaced to wet across below the surface
during the shorter time. If ome is putting on deep irriga-
tions, a wider spacing is allowable. It will then take a
great deal longer, perhaps even three times longer, to do the
job. This will permit the use of longer furrows at high effi-
ciency. Spacing is also related to soils and can be adjusted
to crops and equipment.

Similar management changes can also be accomplished by
changing furrow shapes. Vee furrows may be wet 10" wide, a
parabolic one may be wet 13", and a broad one which is level
across may easily be 24" wide. Since the water moves sideways
about trhe same distance from the edge of all shapes, the area
wet, the time of irrigation, and the stream sizes are all cor-
respondingly adjustable.

Looking at the other loss -~ runoff -- which may easily
be very large, one again finds that it also is related to the
sdvance Ratlo with all of its inter-ties to initial stream




size, furrow shape, spacing and length, and MAD and thelr side
effects. The curves and table showing the advance relation-
ships and the Depchs Infiltrated indicate thar for a rapid ad-
vance, AR of 1/4, there is lots of runoff, 34% of all applied
water if the water is turned off on time. For the smaller
streams, AR of 1/2, it reduces to 23%, and for the quite small
streams (which would be similar to a longer furrow and the
lLarger stream) the runoff is swall, 9%, but this is also the
one that lost 217 too deep.

The runoff loss can be reduced by about one half or more
by making one or two cutbacks in the stream size. The first
cutback should be made an appreciable time after water 1s run-
ning past the lower end when the loss has become big enough to
warrant cutting it back, If it is done sooner as is often sug-
gested, the lower end will be inadequately irrigated and the
runnoff at the end of irrigation will be greater. The most
economical operation with one cutback is such that the runof £
at the time of cutting back is about the same as it will be at
the end of irrigation. ILf the cutback is done in conjunction
with the use of a cyeling type return flow system, the above
cutback operation will minimize the cost and power requirement.

A return Clow system should almost always be part of a
furrow irrigation system. Ordinarily, it is economically jus-
tified as a labor saving device as well as water saving. When
the value of water is measured in terms of its productivity, a
return flow system back to an irrigation reservoir, is practi-
cally the first item to be considered. Using one in conmjunc-
rion with small Advance Ratios, the Actual Application Effi-
ciency (AAE) values should approach the Potential Application
Efficiency (PAE) of about 90% if the soils are uniform and the

water is cut off on time.

In order to do this last item, a reservoir may be essen-
tial if water deliveries are for units of twenty-four hours.




A gravity reservoir in conjunction with a large capacity semi-
automated delivery system is a real labor saver as well as
helpful in conserving water since it makes it possible to set
all rhe furrows in a field at one time and to make cutbacks as
desired. It also serves as regulating storage for the return
flow system.

in summary, furrows on reasonably uniform soils and slopes
are the most efficient method of irrigation if proper manage-
ment uses a small Advance Ratic, turns water off on time, and
urilizes a veturn flow gystem. Low efficiencies are not the
fault of the method, but of management.

1.
i
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Chapter III
MANAGING THE BORDER-STRIP METHOD

Border-strip irrigation has several other conmon names -
border, check, strip check, flood. In addition, it is the
most widely used method in California and the least understood.
It has a high Potential Application Efficiency (PAE), 80% plus,
but is usually operated at about 50% Actuval Application Effi-
ciency (AAE). TFurthermore, it has the dubious distinection,
seldom realized by its users, of being the most sophisticated,
complicated, least adjustable method. But when border-strip
irrigation is used correctly, AAE can go above 90%, and labor
and power requirements are very low.

Because of the complications in obtaining real high effi-
ciency, each border-strip has only one Management Allowed De-~
ficiency (MAD) value, plus or minus a little, that is just
right. For this reason, it is best adapted to permanent crops
such as pasture, alfalfa, orchards, etc. With good management
and planning, it can be made to do very satisfactorily for
many deep-rooted annual crops.

This recaleitrant paragon is described as a sloping strip
of land fairly level across, which is bounded on the side by
borders (dikes, ridges). The soil for the length of the strip
should be wniform but one can live - at lower effieciency - with
some variation. If the strip is graded to a uniform grade or
nearly so, lengthwise and across, it is called a graded border-
strip.

Where soils are too shallow and somewhat undulating and
much grading is not practical, guided border-strips are feasi-
ble. Tor these, the grade along the strip is allowed to vary
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to conform somewhat to topography, and the strips are made
narrower so they are easily made level across. They often run
nearly straight down hill. (The true objective of land grading
is not to create a plane surface, but is to improve irrigation.)
To understand the limitations and management of border-
strips, one can best start from the optimum conditions as shown
in the adjacent graph, Figure 4. The Cumulative Depth Infil-
trated curve indicates the depth of water infiltrated from a
ponded condition after any length of time as found from a field
evaluation test. It can be approximated from studies on typi-

cal soll textures
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Figure 4

The Advance and Recession curves are respectively plats of
the time it took the water to move (advance) down the field to
various points usually each 100 feet apart, and the time when
water disappearad (recedéé) from the various places. The




duration of time water was at any location with an opportunity
(To) to infiltrate there is the increment of time between the
EWD curves.

By using this time of opportunity in conjunction with the
Cumulative Depth Infiltrated curve, the depth corresponding to
the increment of time at each location along the strip can be
found. The plotting of this depth and distance is the Depth
Infiltrated curve From which by proportion, the losses and
stored perceat and depths can be determined.

The detailed proecedure for obtaining all of this informa-
tion requires making a field evaluation, That process, which
is moderately involved, is deseribed in the booklet "Irrigation
System Evaluation and Improvement," mentioned in the Preface.

However, the simple procedure of timing how long it takes

water starting at the upper end to reach the middle and lower
end of the strip, where it was and when it was cut off, and
when water is no longer on the suxface at the top, middle, and
bottom {with or without ponding) is just a matter of observa-
tion. From this information, the Advance and Recession Curves
can be sketched. If distance units of 100’ are used, better

curves can be developed.

The graphs shown represent a real good job of irrigating -
better than can be done every time. However, measured rests
have given values better than this. Poorer, but easily im-
proved conditions, are described later.

The ideal condition for tmiformity exists when the Ad-
vance Curve has been made "parallel” to the Recession Cuxve.
For this condition, about the same time of opportunity occurs
at each end with some extra in the central portion. The times
are made about the same by simply turniang in the stream size
that moves at the desired speed. The slope of the Advance
Curve is adjustable with stream size, but the slope of the Re-
cession Curve is fixed. This is true because the water that is
just disappearing at any point by infiltrating or moving on, is
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always doing so under the same physical condition for each
specific strip. Since the Recession Curve is fixed in shape,
it becomes the control item For border-strip irrigation. This
is a distinguishing and unique condition. The time at which
the recession starts is contrelled by when the water is turmed
off plus a little moxe (Lag Time) taken by the several inches
of water ponded at the top to drain off and infiltrate.

The depths infiltrated will vary appreciably less than
the time difference between the Advance and Recession because
any extra time is at the end of irrigation when the infiltra-
tion rate is the slowest. This is illustrated by the Cumula-
tive Depth Infiltrated Curve. Very uniform infiltration along
the strip is possible. The table shows for this illustration
that only 5% went too deep because of the non-uniformity. Up
to 10% is a reasonable loss,

Runcff loss is largely controlled by how far back from
the lower end the water is when it is turnmed off. Where it
should be is related in a complicated way to ground slope,
stream size, flow rate, strip length, Soil Moisture Deficiency
{SMD), soil conditions, crop conditions, soil and water temper-
atures, etc. The practical answer is by trial and error know-
ing the objective which is to turn the water off late enough to
have the 3" to 6" depth of ponded water in the upper part of
the strip flow on down to the end and adequately irrigate there,
but mot so late that too much flows om by the end and runs off.
On fine textured soils with low gradients and long strips this
may occur about .6 the way down the strip. For medium textures,
it ig often .7 to .8 down the way, and om high intake rate
soils it will be near the end.

Irrigation ig¢ an art and 2 science. This part is art.
With adequate art, the runoff loss is about 10% to 15%. A
return flow system eliminates most of the art needed as well
as the runoff loss.




In summary of lusses, the too deep loss is low and uni-
formity is high if the Advance Curve is made about "parallel”
to the recession by simply using the right size stream, and

the Tunoff loss is small if the water is cut off at the correct
distance.

Now comes the intransigent part imposed by this excellent
method. Up to here nothing has been written about the two bas-
ic questions, "Is it dry enough to irrigate?" and "Is it wet
enough to stop?" They must be answered.

The irrigation curve (MAD) drawn in conjunction with the
Advance and Recession Curves is drawn parallel to the Advance
Curve and above it by the time it takes to infiltrate the de-
gired irrigation (MAD). It represents a specific time related
to a specific depth of water as taken from the Cumulative
Depth Infiltrated Curve, and only at the ends is it just barely
below the recession in order to have the minimum depth infil-
trated show up as the average of the lowest quarter of the
field. IFf a different depth, and related time, were desired,

a different line would be drawn which would be above or below
the Recession Curve and so would therefore represent under or
over irrigation. There is no way that the excellent eondition
first presented can be maintained except for the original MAD.
However, reasonable compromises with near perfection can be
very good,

With the border-strip method only four things are adjust-
able, and the last of them is often not practical. They are
the stresm size affecting the advance rate and uniformity, the
MAD affecting the duration water should be on, the distance
and time at cutoff, and the length of the strip. Compromises,
but at reasonable efficiencles, are essential.

I1lustrations of less than the best will be helpful in
identifying problems and what may often be done to correct
them. Since the scope of this booklet is limited, appreciable
study may be needed to fully appreciate the complexities.
(Additional illustrative curves are included in the Appendix.)

T




The Ffirst illustration is shown in Figure 4 and the ta-
ble. If the question "Is it dry enmough to irrigate?" iz im-
properly answered and full irrigation is applied four days
too soon as represented by the SMD line, the Actual Applica-
tion Efficiency (AAE) drops from 82% to 61%. 1f this were
standaré procedure, (.82-.61)/.81 = 353% more land could be
planted with the water saved by irrigating four days later

when the soil is dried to the MAD.

If one is among the unfortunate irrigators who must take
their water tooc soon, because of rigid schedules, then the fol-
lowing compromises must be made: the date of irrigation being
fixed, one will irrigate at the small SMD existing at that date
and try to be reasonably efficient in applying that depth of
water. Since the reduced depth takes less time of irrigation,
the stream should be near the lower end faster tham before
This will require a larger strean. The Recession Curve, that
inexorable control item, doss not change its shape so water 1s
at the lower end longer than at the upper end and more runoff
may occur, This condition is represented by the curve titled
Stream Too Large in Figure 5. The graph shows that it is guite
possible to over-irrigate the lower end of a strip, or under -
irrigate the upper part. The identifying feature for too large
a stream is the divergence of the Advance Curve from the
Recession rather than being "parallei.”

The graph, as drawn, corresponds to about 207 water lost Lo
too deep and 15% to 20% running off for a 60% to 65% efficiency.
This is not too bad. With a return flow system it is a respect-
able 807 even though the stream was too large.

The next graph representing too small a stream - & Very
common problem - is diagnosed by having rhe Advance Curve
converge toward the fixed Recession Curve. If one has & Fixed
stream of warer as from a well, the strip can be made narrower
to increase the effective stream size. With the moderately
smaller stream conditien shown, very 1ittle runoff ocecurs, -5%,
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and the too deep loss is abour 20%. AAE would be a respectable
75%. This may be a fairly good compromise if a return flow
system is not utilized. If much too small a stream is used,
results will be very poor.

When the strip is too short, as shown by the graph, only
a much smaller SMD can be used or losses are excessive, This
is to be emphasized - border-strips are NOT adaptable to short
fields, and very seldom is efficiency improved by just shorten-
ing the length. This latter advice is oftem given, but it is
incorrect. It does apply to furrows, but net to border-strips
unless other factors such as MAD are drastically changed.
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Basins may be used to replace short border-strips.

The last of the graphs on Figure 5, shows conditions when
the strip is too long. As before, the stream size is the
desired one to keep Advance and Recession Curves parallel.

The graph indicates that a larger MAD is needed because the
stream must be run longer to go the greater length and be
turned off later. A larger stream would also be a compromise
technique with this longer strip. Very long strips are feasi-
ble if large MAD values are used.

For annual crops with an expanding root system, the early
irrigations are usually light with deeper ones later With
border-strips, the light omes would not be efficient. Two
management alternates are practical. The early irrigations
can be made larger than needed with the excess being used in
lieu of a pre-irrigation. Or portable pipe can be used to cut
the length in half for the first part of the season and then
removed to use the full length for the larger, later irriga-
tions.

The gquestion "Is it wet enough to stop?” is a hard one
to answer. Hopefully, the desired depth to just replace the
SMD would cccur simultaneously near the upper and lower ends.
However, it could be either one. Unfortunately, when this
condition occurs, the water may not be far emough down the
strip so it will have to run longer to irrigate the lower end.
Or it may be too far down the strip, and be running off a lot.
Again compromise is inevitable.

Tn addition to the problems illustrated, there are
cbviously many more combinations of the contrellable items:
stream size, MAD, time and distance to cut-off and length, to
which should be added return flow systems.

The diagnosis of conditions is cbviously rather compli-
cated. Some assistance can be obtained from trained people.
Cal Poly State University, San Luis Obispo, agricultural
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engineering students and gradvates, and some others have

studied evaluations and they can be helpful Several engi-
neering and farm management firms have adequate staff. The
Soil Comservation Service and Farm Advisors' Offices have some
experienced persomnel. For the tremendous job of efficiently
using a short water supply, most irrigators will have to depend
on themselves. Hopefully this booklet will be of asgistance.
The value of water is not its cost, nor the labor to apply
it. Tt is measured by what the water and labor will produce
when water is in short supply.
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Chapter IV
MANAGING THE SPRINKLE METHOD

Sprinkle (and trickle) irrigation method is unique in con-
trast to surface methods in that it is independent of soil uni-
fermity and topography in its adaptabilicty. It is also com-
patible to a small steady stream of water when surface irriga-
rion works best with large flows. However, disregarding
adaptability and contraxy to popular opinion, sprinkle has the
lowest potential efficiency of any normal irrigation methed.
aAlso, it is difficult to modify for drought conditions.

The basic reason for the good reputation it does have is
that most systems are fairly well designed and the design effi-
ciency is presumed to be the operating efficiency. However, in
general, the pre-nozzle losses are ignored and the coefficient
of uniformity is frequently incorrectly thought of as being the
efficiency of the method.

This chapter will present the management procedures tO
identify and alleviate its losses in order to increase effi-
ciency up to the fairly good walues that are attainable. A
number of factors will be presented that apply to sprinklers in
general, and then the unique conditions will be covered for the
following specific variants of the method: single line (hand
move, side roll, end tow), multi-line system (permanent, solid
set, side roll with trailing laterals), and orchard {over-tree,
under-tree, permanent, portable).

Some of the techniques may be fairly expensive or labor
intensive, but in a water deficient period the value of water

is in its productivity. If an efficiency of 80% can be raised
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shown on the figure, serious loss of water to tog deep will
occur since everything below the SMD line now goes too deep.
For example, if a 20-hour set would replace the SMD, but the
un is 24-hours (24-20/20) = 20% water is lost in addition to ;
the regular losses. ;

T is essential that the operating frequency or duration
be made to conform LO that needed to replace the SMD existing
at rhe day of irrigarion. This will often require an incon- R
venient duration of operation, but water Tull too long is 100% ' R
wasted. There is mo return flow to save water with sprinklers. L
Not properly answering the second question is the principle d
reason the sprinkle Actual Application gfficiency {(AAE) seldom
equals the Potential Application gfficiency (PAE).

Another loss that puts water too deep is caused by the f-”"vf?}
non-uniformity of the sprinkler application pattern. Most :
jpdividual sprinklers at their best operating pressure, put ¢
out much water close to the sprinmkler and taper out to zero at
the edge. This results in a somewhat conical shaped pattern.

By overlapping one sprinkler well past the next along the line,
a long triangular tent-like patterm results. This is then
moved sideways tO nearly reach the next line to overlap the

tent~like patterns.

With the Tight combination of nozzle size, pressure,
sprinkler spacing along the lateral, and distance between
laterals, a reasonably waiform overall pattern results from
the many individual conical patterns. However since nozzle
size and pressure are often compromised in the design to apply
the degired depth in a 12~ or 24-hour duration, the best
pattern is seldom attained. Modifications to help will be
discussed later.

A fieid evaluation {in which eatch cans are set out and
depth measured as deseribed in the bookletl, Trrigation System
fvaluation and Improvement) i8 egsential to determine the




distribution uniformity coefficient (DU). (DU = average depth y
infiltrated in the quarter of the area receiving the lowest i
depth/average depth infiltrated). The value of DU for good :
operations will range from 75% to 85%  This indicates the too
deep loss is from 15% to 25% of that infiltrated when the flow
is shut off on time. (Those values correspond to the commonly
psed coefficient of uwniformity values of about 83% to 90%.)

The pattern is also distorted by wind. This is alleviated
by using a lower pressure to create fawer small drops which are
more affected by wind. Laterals should not be placed parallel
to the wind, 459 to 90° being less distorted. Avoidance of
windy periods is the best control, and 24-hour sets are better
than 12-hour ones. Where practical, the use of alternate sets
described later is very helpful as is also closer spacings
along and between the lateral. The decrease in DU varies from
2 or 3% to perhaps 6% for fairly high winds.

Other too deep lesses (which are not included in the PAE
evaluation figures which are measured at the sprinkler nozzle)
alsc occur. 'These losses need to be included in the field
efficiency as water to satisfy them must be detivered to the
field. These losses are leakage from poor gaskets, losses
oceuring while filling the lines and before pressure seals the
gaskets, and the water lost while draining the laterals. They
amount to from 2% to 7%. Good maintenance can reduce the

higher values.

Another loss of a similar nature is that caused by having
different pressure along the lateral caused by friction and
differences in elevatiom, although the latter can also be help-
ful if downhill. The usual desigan limit of a 20% reduction in
pressure along a lateral results in 10% more water flowing from
the first sprinklers than from the last. If the flow from the
sprinklers at the lower end is what is desired, about 3% excess

water will be applied along the upper part of the lateral.
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This ean be alleviated by using flow regulating devices in the
risers or a larger diameter lateral with less than 20% frictiom
loss. The latter will reduce pumping costs.

However there is a complication due to the 20% pressure
change in that there is an effect on the pattern. The DU at
the various places along the lateral will be different. One
cannot offhand tell whether the lower £low and pressure at the
lower end might not also coineide with a less desirable DU.
Tield evaluations are defimitely in order.

To summarize the too deep losses: the system may be run
for an incorrect duration which is correctable, the pattern BU
may be poor and corrections will be discussed under each type,
line losses occur which may be reducible with good maintenance,
and flow and pressure variations along laterals may be helped
by installing flow regulating devices or having less pressure
loss or more consideration for ground slope.

The in-air losses are unique to the sprinkler method. They
are included in the PAE and AAE values since they ocecur after
the water leaves the nozzle. The evaporation loss is related
to the relative humidity and will be affected some by tempera-
tare, wind, and sprinkler layout, by watetr temperatures, and
somewhat by drop size., The latter is a function of pressure
and nozzle diameter.

This loss varies fram about 5% to 15% and even higher
under severe conditions. The in-air evaporation is less at
night when it is cooler and the relative humidity is higher.
However during the daytime water om the plant leaves effec-
tively stops plant transpiration so that water pormally removed
from the soil remains there. The net effect is that there is
usually only a small difference whether water is applied during
the day or night unless severe climate conditions prevail., 1f
they do, sprinklers may become impractical particularly with
saline water. A 20% evaporation increases water salinity by 25%.




Where multi-line systems (solid get, ete.) are used, evap-
oration will be reduced except for the up-wind lines. .

Wind drift losses are only a few percent for normal pres-
sures -and.moderate winds though the pattern will ‘be affected
For extreme conditions of hlgh pressure with flne drops and,
apprecxable wind, it may-be as hlgh as 54!, Mul;lfllpe.qpe:e~¢
tion may: rectver part of the drift. LbWer-nressure end‘aveié—
anceof; very windy perlods are obv1ous ways, to. reduee the 1oss
They, may have side eonsequences_; less water,xlarger drops,g
longer duration -- that makes these changes xmprectlcal ga '

management compromlses.i‘n

edges Df the fleldsn ance there ds.no, lateral 11ne set beyond_
the edge,‘only one line of sprxnklers lackzng the usual over~
lap. applles water. there.. : In order to get a falr amount of '
water ~ but usually a- deflclent emount

must be used If thzs lS not dcne, AAE wlll not 1ncrease and
"mnre water than beferetw1ll be lost;to too deep ’
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because of falling water tables in wells, all of the available
land may not be planted even with increased efficiency. 15
laterals are shortemed so that unplanted land is left at the
far edge of the field, the flow in the lateral will be corre-
spondingly reduced. Less pressure will be needed to overcome
frietion without affecting the sprinkler pressure, S0 power
may be saved. If a 1320 foot lateral were reduced to 990 feet,
the pressure could be reduced from say 63 psi to 56 psi for
about 157 reduction in power. It would also provide more
uniform sprinkler flows along the lateral and save a little
water. To save power, the pump impeller would need to be
changed which is a fairly inexpensive job. Throttling the
intet valve will not save much power.

If throttling is currently being done, a review of the
pump is im order to see if changes can be made. For constant
speed pump, a 10% reduction in impeller diameter results in a
107 decrease in flow, reduces pressure 20%, and horse power by
30%.

For the single iine sprinklers - hand move, side roll,
end tow - the total area and the set area may be decreased by
reducing the lateral move distance. This usually increases
the DU and application rate which will reduce the time of
irrigation or result in more water being applied at the low
guarter area. It therefore may be practical to reduce the
flow rate and pressure saving water and energy. Renozzling
may sometimes be desirable. The new condition would requite &
field evaluation to determine the new DU.

Another practice that should be standard with the single
line system because it almost invariably improves DU by 5 to
15%, is the use of "alternate sets." In this practice the
regular move distance and frequency are used each time, but at
alternate irrigations the starting location for the lateral is
midway between the previous sets. The high application area




of the first set tends to com

pensate for the low appl
of the alternare sets,

A minor edge problem océurs due
need to compromise the distance in from
at the srart,

made because of increases in efficlency. ~A Wide

move ‘distance often becomes very acceptable w1th
utilization.

The improved efflcl&nCles aga;n requlr
sideration of ‘the- duratlon of. the sety

The multi-1line. Systems -~
with.trailing laterals.

permanent

== are lesg: amanab et
Changes- of - spacings ‘are not.Ffeasible: Fo
solid get,

T perm nent
80 the alternate get: technlques“cannot

Closer spacings usually ‘resulting. in hlghéx unlformiu
easily done with solid sets when first: lald out 3
the-edges may be tilted for some: craps

“Modificarions thag may be: practlcal 1nclude
pressure- and. related flow rate and probabl
Sure at alternate runs a
and: then shutting down o

Y DU vary

- startlng the next Block!
Evaluatxons are 1mportant for solld"e s and
lines since,” for economics which i$'good: lelsi;
drought; ‘Pressure. varlatlons mayube rather:-_
nozzles to reduce flows ‘to obtain more unxfo
Possibly.a lower one; may be helpful "Thls w111 chax
tion:but:.on. automated Systems- thlS pose )
may. &lso:be: necessary' to add: or‘subtrac
~'to balance flows wifh the pump,tT
ccverageA Rﬂmember
:eff;c1enc1&s S Sl

5.mo:pre

: Orchards and vinevards have sevaral varl tio
-klers. LA cotmon . ohe ig permanent overmtree

ability and their pattern cannot “be. evaluated
- at-the ground level due to plant 1uterferencas




vo check depth of penetration in many areag may be helpfuil. If
over-irrigation is not very great, the extensive root system
will absorb water wherever it is, but there will be dry areas
develop during the middle or latter part of the season. About
the only management tool is to avoid over-irrigation and
possibly operate at different pressures at different irrigations
to vary the pattern.

The open field type sprinklers requiring overlap for uni-
Formity have been used as permanent or portable under-tree
sprinklers. They are sometimes facetiously known as "through-
the-tree" sprimklers. If there is much tree interference, and
there usually is, resulting in excessively wet and dry areas,
the uniformity can be quite poor often resulting in ponding and
runoff, If they are portable, the alternate set technique may
be helpful.

The under-tree sprinkler, properly known as an '"orchard”
head, should cover the area between four trees with a uniform
depth pattern not dependent om overlap from adjacent sprinklers,
They uéually operate at fairly low pressure. BSuch a setup can
be permanent or portable. Several water saving and management
practices are helpful in drought years to maintain production
with a reduced water supply.

Most of these heads are adjustable, and while adjusting
them may be a formidable job, improved quality and yield have
great value. They should be adjusted to produce as uniform a
pattern as practical, especially avoiding areas of excessive
precipitation which could be lost to too deep. The duration of
flow should be such that all but perhaps the last one or two
irrigations should penetrate nearly to the bottom of the root
zone. Some may be shallower to save storage for rainfall.

In order that about this depth, never more and possibly a
little less, is attained, the area wetted may need reducing by
adjusting the range and/or pressure. To summarize -~ wet only
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as much area as water is available to penetrate the root zone.
Do 'not’ put oo shallow, large area ‘irrigations, but do farce the
‘trée to ration itself by using large MAD values and the deep
ropts. Efflclency above 85% is -attainable.

© 9 poligummarize sprinklers: they are. w;dely ‘adaptable ‘to
imntermlxed 50115 ghd inlevel” tcpography They haveé more ‘bullt-
in losses, before and dfter the nozzle, "than other: methods..-f
They are ea51ly misused, part;culariy by runnlng too long for
an exmstzng SMD | They! have Timited capablllty For 1mgrovement
as’ S systam because they geuerallyn”‘e fairly well dESLgneé
Managemant changes in ‘some cases need ‘tc be based on 2 ‘field”
evaluation. Such changes to: 1mpr0ve unlformlty may 1nclude.
varylng ‘the 'spacing ‘and move: dlstanca ofthe- sprlnkler and
using - ‘the ‘alternate ‘set technlque varylng pressure, floW‘rate,
and nozzle gizes; and tilting riSers along the edges of Fields.
Acidlt:_onal :meortant t:echm.ques inelide varymg the "MAD ‘and
correspondlng ‘duration of “Flow,” and,” ‘above’ all turning ‘off ‘the.
flew:when the 'SMD has Just been satmsfled for shortly before!
ifor drought operatlon._ B e

. Under~trea orchard heads can be\adjusted {£0 lmpxova uni~
'formlty, and 't balanee the ‘drea Vetted with a teduced Water‘

supply to parmlt penetratmon to nearly‘-he full depth of the-




Chapter V
MISCELLANEOUS MANAGEMENT METHODS

The preceding chapters have presented the value and need
for efficient irrigation, particularly during the water defi-
cient periods, and also how to operate furrow, border-strip,
and sprinkier systems to attain high efficiency. Certain
management techniques in addition to operations need further
development beyond that previously presented. They will be
covered under the three often mentioned phrases: "Is it dry
enough to irrigate?" "Is it wet enough to stop?" and "Losses,'
and the common closing heading of “"Miscellaneous.”

"Is it dry enough?" requires two "yardscicks" -- Manage-
ment Allowed Deficiency (MAD) and Scoil Moisture Deficiency
(SMD). MAD is first expressed as the percent of the available
moisture in the root zone that can desirably be used and corre-
lates with the stress that will cccur in the crop in the spe-
eific soil and climate condition. This percent is often taken
as 50%, but desirably should often be 40% to 807 depending on
conditions.

When one has selected the MAD percent and knows the avail-
able moisture relatrions for his seil and depth of root zone,
he can multiply them and determine what inches of soil moisture
can desirably be removed from the soil (MAD inches) at the time
to irrigate. The irrigator should replace the deficient inches
depth comparable to the same inches of rain.

For example, a 60% MAD may be the desirable value to
moderately stress a crop in a medium textured soil. If the
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root zone iz 5 0' and the available water in the soll between
field capacity and wilting point is 1.8" per foot, the value
of MAD = 60% (5.0' x 1.8"/') = 5.4". 1In other words that is
how dry management says it should be at the time of irrigation
s0 a rainfall of 5.4" should be: prayed for, or that much
‘plus the losses should be obtained from a more likely source.
The second ”yardstlck” -is"how dry is it ‘in the root zone.
What actually is the Soil M01sture Deflclency7 Does it equal
the MAD? This is determined many-waysn - A commor one is by
1ntu1t10n which occasxonally may be close but most often is .
used thh too much worry factor ‘and results in much wastage
of water. ) :
Observation of crops for ‘'signs of incipient stress; slight
wilting, boior:éhange{'slower growth, etec , can be quite '
pradtiéal in selecting a date ‘for irrigation. However, it does.
not lndlcate what the SMD is so dmes not firnish knowledge of
how much water_ s needed, i '
' Other technlques ‘that xndlrectly tell that it is time to
IIrlgate 1nc1ude the use of tensmomaters,»elactrmcal reSLStance
.blocks evaporatlon pans calculated evap transpxratlon, '
‘neutron probe, ete. These must be callbrated thh field coadl
tlons to esclmate the SHD and when and how much water: should’ :

be' replace&
A smmple 1ess expen51ve more d;rect more Lnfarmatlva,‘

and -- with some parsonal expermence -~ as prec;se a method-
is-the ‘observing of the actual-soil: moisture deficiency in ‘the
field. The chart (Figure 7 ir the Appendix) describes the
feel ‘and -appearance of the'warious textures when they are

deficient the indicated amounts per foot of soil profile.. Th

irrigator should replace the observed deficiency. It should::;
be the same as the MAD at the date of irrigation. In ‘any:
event, don't put on more, and-not‘leSS;Tﬁhiess a limited ‘irri-

gation is desired.




The following is an illustration of the use of the chart.
A soil auger* oxr sample tube is used to obtain samples of each
foot of profile. 1If the top foot condition matches the des-
cription of the soil (texture, feel, appearance) indieating a
loam soil, 1.8"/' deficient {wilting point), second foot 1.0"/'
deficient, third foot .4"/' deficient, and fourth foot g.o"/'
(field capacity), the soil is deficient the sum of these, 3.2,
and the root zone depth is about three feet. The irrigator
should apply 3.2" of water plus that needed to satisfy the
logsses. He should check the soil at several locations. Don't
complain about the work, because you can hire irrigation
management service (IMS) companies to do it, but it is essen-
tial that the question be answered.

Another simple guide can be used to tell about when to
make a check. It can even be refined to schedule when to
irrigate, but it must be confirmed every couple of irrigations
by a soil moisture deficiency check. This is a gallon can
nearly full of water set out in the sur. Before the MAD depth
has evaporated, make a field check. By varying the initial
depth of water in the can, the evaporation rate can be varied
to approximate the evapo-transpirvation rate of different crops.

The selection of the MAD value involves many factors.

(A copy of the American Society of Agricultural Engineers
technical paper describing this may be obtained from the
Agricultural Engineering Dept., California Polytechnic State
University, San Luis Obispo, CA 93407.) A value of 50% corre-
lates with the top part of the root zone being dry (wilting
point) and of course the bottom being wet (field capacity}.
For the most efficient production of c¢rops per unit of water,
the crop should be stressed and values of 607 to 80% may be

* An excellent soil auger can be obtained from Art's Machine
Shop, Harrison St. at Oregon Trail, American Falls, ID 83211
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economical.

corn and sugar beets.
labor with the larger MAD values.

SUGAR BEETS

The following tables indicate the MAD, water use,

and yield relations from tests made at Prosser, Washington, for
There is also a significant saving in

CORN
MAD No. .of Yield Water Yield
T Irzi. bu. sac. used bu./in

: ao (wet) . 9 128 33.2" 3.9
4 118, 25.3" 4.7
ss (dry) 3 110 23.6" 4.9

Yield. .

MAD No. of Yield. Water

% Irzi, ton/ac, used ton/in
40 (wet) 12 377 46, 2" © 080
63 .8 36 537.:3" " 0.98
85 (dryy 6 . . . . 34 . 3z.0v 1,03

THesd tablés andlcate ‘more 1and can be planted wmth a lxmlt—
edwatersupply and a 1arger total productmon obtamned though

at "d lower rate pe: acre, if a larger MAD is ‘used.
7 rhe second questlon "Is it wet enough to stop?" can be

answered 1n several ways- The most Smele lS to use a

“the lowar tlp should be sllghtly _
Th;s permlts the

When used ln stlcky sozls
enlarged so the soil won t stlck to the smde

'Ezp to be maxe sensxtmva to changes 1n re 1Stance
""" 1t can be used to

quickly make many tests in many areas of the fleld ‘Since the

water w1ll cantlnue to move éownward in the 5011 for a couple

the depth of water and probe'ﬂm

of days after irs 1gatlon




penetration should be about half way down into the root zone
when the water is turned off.

Te develop confidence in its use, a soil molsture check
should be made with an auger a couple of days later tc see just
where water did penetrate. If not enough was applied, a
slightly drier (but still quite wet) condition should show up
at the bottom. If too much was applied, it will be wet all
the way indicating some unknown excess was applied. When water
is deficient or expensive, under-irrigation is economical.

A second way to stop irrigatiom is to run out of water.
in other words, order or pump an amount that eguals the 5MD
plus losses, and no more. This amount (depth on the field plus
losses) can be calculated. Tt is equal to the flow rate (cubic
feet per second, e¢fs; gallons per minute, gpm; miner inches,
M.I.) multiplied by the time water was running onteo the field.
Either of two equations is commonly used. The first is:

cfs x T hours = acres x inches depth which is conveniently
expressed and easily remembered as 1.0 cfs x 1.0 hour = 1.0 ac
x 1.0 inch deep.

For example, how long should a stream of 5.0 cfs be run
on an 8.0 ac field to satisfy a 3.3" SMD at 70% efficiency?

To allow for losses, one needs to apply 3. 5" + 70% = 5.0",

then 5.0 ¢fs x T hours = 8.0 ac x 5.0". The duration of flow
is 8.0 hours. Of course this time must permit just the desired
depth to infiltrate. Usually the duration, depth, and flow
rate are known and the question is how many acres can be irri-
gated.

Gallons per minute can be converted to cubic feet per
second by this ratio: 450 gpm = 1.0 c¢fs. Also, 50 Southern
California miner inches = 1.0 ecfs, and 40 Northern California
miner inches = 1.0 cfs,

The second convenient formula is: Depth (inches) = Time
{hours) x 96. 3 x gpm/area (square feet}).
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Losses can be alleviated by several management practices
in addition to the too deey and runoff 1usses wrztten about imn

the preceding chapters _

Trans?1rat10n Irrigation Ratio (TIR) (thé péfcedt of the
water applied that is transplred by the crop) can be meroved
by reducxng che losses to evaporatlon The dlrect losses from
the water whlla it ls belng applled aré not reduclble in a .
practxcal way for any of the methods a

Rowaver, the evaporation from the ground surface after
erlgatlon - whlch may amount to 3" to .B" éach 1rrlgat10n -
can be lzmltad in several’ ways. shadlng the wet ground by o
growing a crop or mulchlng, reduCLng the area WEtted by irri-
gation by use “of furrows, or orchard sprlnkler heads Wettlng .
only part of the area reducing the frequency of 1rr1gat10n o
by using a larger MAD not cultivating unless waeds axe bemng

competxtxve w1th che crcp, etc.
Alternate sxde irrigarion of row crops or orchards should

almost always be & standard procedure bécatise “of several advan-
tages“ The practlce ‘consists of flrst 1rrlgating one smde of
the’ piant (every other row) whlcﬁ w111 raquzre only half of
the normal stream and permlt a smaller capac1ty supply systemo
Then at half of the nurmal lrrlgatlon frequency, lrrlgatlng
the‘other Slde ' B '
k 1 For many flelds thzs w111 requlre'very ‘
and usually no more total labar tlme ' Tha a' antage‘to ‘th
crop results from one sxde of the’ crop always bemng falrly et

Thxs may permlt larger MAD values whlch allow longer runs, more
" and

'tle more wozk

50 less labor" It aiso prov1des a’ dry area in the fleld for'
easy ‘access. o

b Return flow systems which tecover run off water from
surface 1rr1gat10n systems and should" almost always be utlllzed
‘have three general ways to function.  The ‘runo£f water can be’




accumulated in & fairly large (several acre feet) reservolr
{(sump) at the bottom and pumped cut using & fairly large pump
and pipeline for direct inflexible use on a field at a con-
venient time.

Or a smaller sump, and a fairly large pump and pipeline
can be tsed. Pumping is started after runoff has practically
filled the sump, pumping both runoff and stored water. This
generally involves more jrrigation labor to distribute the
water and may not be convenient in time.

The third consists of a small cycling pump, sump, and
pipeline returning runcff as it occurs to a gravity irrigation
storage reservoir from where it can be re-regulated for con-
venient use, This is the most desirable and generally the
most economical.

For efficient use of water and labor, the on-farm distri-
bution systém should be semi-automaced, be easy to use, and
have a large enough capacity to keep the irrigator busy. TIt
would ideally consist of a supply flexible in frequency, rate,
and duration such as can be obtained from an overnight gravity
storage reservoir. The delivery systCem from it must be capable
of a delivery that is flexible in rate and duration, be of
large capacity, and permit finger tip econtrol at the point of
application in the field.

This can be obtained from a reservoir by using a closed,
or a semi-closed pipeline with a Harris float valve, or a
level top ditch maintained full regardless of the rate of flow
by an automatic control such as a Heyrpic constant downstream
level control gate. Distribution from it for furrows can best
be done utilizing small gated pipe reaching a short distance
(100" to 150') each way from controlled outlets.

With such a layout with the control valve wide open, all
regulation is at the individual gated pipe outlet to the furrow.
However, after the individual outlets are set in a unit of
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gated pipe, the starting, cutting back, and turning off is done
at the individual controlled outlet from the supply system.

For border-strips, the controlled outlets can place water
directly into the strips at any rate and number up to the
capacity of the system which should be large. ... ‘

This type of a system is considered as semlwauCOmated
because it is manually operated at the point of dlstrlbutlon.
but variations in rate from the weservoir require-no work on:
the part of the irrigator since the closed pipeline”or_float
valves. in :the pipeline or-leveh:;dp‘ditch_eliminaterthe need.
Large streams of water cam be handled with wery -little labox -
at high efficiencies with this type.of distribution system..

'By;choosing-the.best‘adaﬁted:méthod and operating it
correctly, by .checking the soil moisture. deficiancy and'com—,
paring it -to -the Management Allowed. Deflclency to determine
when to 1rrlgate, and -then by turning -the' water off whan enough
has been.infilcrated, one caq-optaln_very”efflulgntf;xrlgathn.

-'Bthaviﬁg a aystem with a._large enough capacity to keep .-
an dirrigator economically,busy,ﬁandfoneLthag‘isfgasy-cq~use,-u

dabor, costs: can be ‘kept LW, e n e
If .one has these things one .can. have eff1c1ent lrrlgatlon

and plant more land with less water. P
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Glossary

Management Allowed Deficiency (MAD) is the s0i] moisture
deficiency in the root zone at which management anticipates

the economically optimum condition. It is first expressed as
a pexcent of the available moisture in the root zone correspond-

1ng to the desired meximum stress in the plant. It is then
converted to the eorresponding inches of soil moisture defi-
ciency in the root zone which is the desired depth of water to

be applied.

Seil Moisture Deflclqul (SMD) is the depth of moisture
(dryness) that has been removed from the root zone at any
particular moment. It ig the maximum that ‘can be replaced and
stored in the root zome. It can alse be exprassed as the
deficiency in a unit depth of soil, e.g. . inches deficient/foot’

af soil.
Time of Irrigaticn (T y is the duration that is needed to

nfllcrate the desired depth of water at a point.
Time of Applxcatlon (T ) is the duration that water is

belng applled to the field.
Tlme of Advance (T dv) is the duration needed for the

stream to move across the field.
Time of Opportunity (T } is how long water was on the
surface with opportunity to lnflltrate the soil.

Time of Lag (TL) ig how long the water rem
upper end of a field after it has been turned off.

Advance Ratic (AR) is the ratio of the Time of Advance
to the Time of Opportunity at the far end of a furrow or field

ains at the

and which ideally is T

Cumulative Depth Enflltrated Curve is a plotting of the
depth of water that entered the soil after any increment of
time. It usually plots a straight line on logarithmic paper.




Deprh Infiltrated Curve is a plotting of the depth of
water that has penetrated the soil at various places across a

field, or an extension of it

Advance Curve is a plotting of when the moving water
arrives at various places across a field, or an extension of
ig.

Recession Curve 1s a plotting of when water disappears
from various places across a field, or am extension of it.
The time difference between it and the Advance Curve is the
duration (Time of Opportunity) that water is at any poiat.

Irripation Curve is a plotting of when water should
disappear from various places across a field. It is plotted
parallel to the Advance Curve and above it by the Time of
Irrigation.

(ln the following three equations, the minimum depth is
the average depth in the quartex of the area receiving the
lowest amount. ie. about one eighth of the area is slightly
under-irrigated.)

Potential Application Efficiency (PAE) is the ratio of
the minimum depth of water stored when that just equals the
soil moisture deficiemecy (SMD) to the average depth of water
applied. It is the measure of how well the system can do
the job.

PAE = min. depth stored = SMD
av. depth applied when the SMD 15 just satistied

Actual Application Efficiency (AAE) is the ratio of the
minimum depth of water stored to the average depth of water
applied. The minimum depth stored cannot exceed the SMD but
may be less. It is a measure of how well a system Ls being

used.
AAE = BiD. depth stored
av. depth applied
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Distribution Uniformity (DU) is the ratio of the minimum
depth of water infiltrated to the average depth of water -

infiltrated.

Minimum Depth is the average of the one fourth of the
total area that receives the least water. A?prdximaﬁely one
eighth of the toral area will recéive from zero to slightly
less than this minimum value. .- " = : T

Coefficiert of Unlform;_z_(cu} is the ratlo of the.aver~
age depth infiltrated minus the average;devlatlon-from_this
average depth (or caught in sprinkler tests) to the average
depth. -

av. depth infiltrated - av, deviation
av. depth infiltrated
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., HOW MUCH IRRIGATION WATER
ARE YOU APPLYING?

it's very hard to irrigate efficiently without knowing how much
water you're putting on, Often crop water requirements are
expressed in inches. How do you get from galions per minute
to inches? Faollowing is information pertaining to just that,
along with answers to other common questions concerning
“‘How Much''.

More detaiied technical assistance is available from the local
representatives of the Soil Conservation Service, University
of California Cooperative Extension Service, Bureau of
Reclamation, irrigation or resource conservation districts,
Department of Water Resources, irrigation equipment repre-
sentatives or irrigation consultants.



AREA |RRIGATED
{Acres)

SYSTEM

FURROWS
AREA =
IND, OF (S8BACING _ (LENGTH
FURAOWS) © INFEET) IN FEET)}
{43,560}

BORDERS/BASINS SPRINKLERS CENTER PIVOT
A} AREA PEA BORDER = AREA = AREA PER CENTER PIVOT =
[LENGTH _ {WIDTH [LATERAL LENGTH _ (MOVE 2
N FEET) LATERAL
INFEET) 7 INFEET) | INFEET) (03145 X JLENGTH X (P it %)
{43,560) {43,5801 iN FEET
{43,560)
(B TOTAL AREA [ACRES)=
NO. OF {(AREA PER WHERE:

BORDERS) * BORDER)

P = PEACENT OF FULL CIRCLE

FLOW — GALLON PER
MINUTE {GP#)

SIPHONS

RS TR Tk W

SPRINKLER

VERTICAL PIPE

{A] SEE TABLE | FOR "GPM
PER SIPHON™

{8y TOTAL FLOW=

NO., OF GPM PER
stPHONS| ¥ [siPHON

DEPTH OF WATER AFPPLIED
{inches)

USE TOTAL FLOW FROM ([[) ABOVE

GBEPTH APPLIED (INCHES) =

SEE TABLE 2 FOR GPM FLOW
FROM PUMP

(A} SEE TABLE 3 FOR
UGPM PER SPRINKLER®

{8) TOTAL FLOW =

NQ. OF GPM PER
SPRINKLERS

X ISPRINKLE

]

SEE TABLE 4 FOA GPM FROM
VERTICAL PIPES

WiTH TABLE 5 AND YOUR SET TIME TO GET ACRE INCHES OF WATER APPLIED,

[ACRE INCHES OF WATER APPLIED)

{AREA IRRIGATED FROM [ ABOVE)




HORIZONTAL PIPE DISCHARGE (GPM)
(pipe flowing full)

Water Surface inFurrow

Field Difch

s el Wil

TABLE 2
WHEN X = 12 INCHES
¥ D = INSIDE DIAMETER OF PIPE
{(INCHES) | 4~INCH| 6=INCH| 8INCH | 10~INCH| 12—INCH| T4—INCH | 16—INCH
T o419 | 2005 3z 4969 6977 9339
294 | 1386 2288 3435 4829 6471
5 238 530 1105 1826 2742 2859 5177
8 204 493 937 1545 2122 3271 4394
TABLE 1 19 181 433 819 1350 2031 2844 3851
12 164 387 731 1204 1812 2559 3445
) 14 150 352 662 1089 1841 2319 372%
SIPHON TUBE DISCHARGE - (GPM) 16 139 323 605 996 1500 2123 2865
: 18 130 299 558 #17 1383 1959 2647
DIAMETER OF SIPHON | 2% 5 FITE BT g 20 122 278 517 850 1283 1819 2461
{Inches) HEAD |HEAD [ HEAD | HEAD | HEAD
WHEN X = 18 INCHES
fg 1'2 ;g ;f ;; Y D = INSIDE DIAMETER OF PIPE
ad o - »
1 4 5 7 {(INCHES) [4—INCH [ 6~INCH | 8-tnNCH | 10-INCH] 12-iMCH] 14—INCH | 16-INCH
o (R - N T AN 1 2 601 1421 2713 4508 5819 9652 13013
8 ¢ 15 18 4 423 999 1897 3144 4750 721 9060
10 13 19 23 6 145 g 1532 7532 3820 5403 7285
13 6 24 28 8 298 698 1313 2163 3259 4608 6213
2t 7 41 50 10 265 621 1141 1908 2871 4058 54712
) 40 54 65
i 57 32 100 12 242 563 1049 118 2582 3648 4919
Py 108 159 200 14 223 519 960 1569 2355 3325 4485
16 208 482 838 1447 2170 3063 4132
*HEAD IS DIFFERENCE IN HEIGHT OF WATER IN SUPPLY DITCH AND 18 194 452 829 1346 2015 844 3836
CENTER OF DISCHARGE END OF TUBE OR WATER SURFACE TO 20 185 426 777 1259 1883 2656 3584
WATER SURFACE {F TUBE OUTLET IS SUBMERGED.
1 WHEN X = 24 INCHES
v D = INSIDE DIAMETER OF PIPE
Q . GPM STREAM
N F Ws = NCH - - - - 12-INCH | [4=INCH | t6-INCH
UMBER OF FURROWS = g e j {INCHES) [4-INCH J6-INCH | B—INCH | 10-INCH C C
2 BOS 1815 3373 5569 8434 11983 16226
4 565 1281 2375 3909 5907 8384 11345
6 458 1044 1931 3168 4778 6773 9159
8 393 903 1665 2723 4099 5803 7843
10 348 804 1483 2418 1632 5135 4934
12 s 735 1348 2191 3284 4638 5361
t4 290 479 1242 2014 3012 4249 5731
16 269 534 1157 1870 2791 3932 5301
18 251 597 10864 1750 2607 3668 4942
20 234 565 1026 1548 2450 3443 4635
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TABLE 4
VERTICAL PIPE DISCHARGE {GPM)
JET D = DIAMETER OF PIPE (inches}
HEIGHT
{INCHE 5} 2 / 3 4 5 6 8 0 12
] H STD, 2| sTD. {O0.D. i/ $TD, 1 0.D. STD. o.0. 5TD. | 0.D. STB.| 0., STOD.| 6.D. ST,
G.p.m. G.p.m. | G.pome Gopom. {Gepam. Gopom. {Gipom. Gopym. G.p.m. G.pme | Gupom. Gopom |Gipom. Gopem.
2 28 57 75 86 103 115 137 150 200 215 285 285 330 355
2.3/2 3 69 95 o8 132 150 182 205 275 290 357 385 450 4B0
3 34 78 112 128 160 183 225 256 340 367 450 490 570 £10
31/2 a7 B6 124 145 183 210 262 293 405 440 555 410 705 755
4 40 92 135 160 205 235 295 330 465 510 660 725 B4S 910
) _4-3/2 42 98 144 173 225 257 iz 365 520 ”5l70“ 760 845 980 106‘3
5 45 104 154 184 240 275 345 395 575 630 8B40 940 120 1260
& 50 115 169 205 266 306 385 445 670 730 {1006 1125 1370 1500
7 54 125 184 223 293 335 420 485 750 g20 Jvis0 1275 1600 1730
] 58 134 202 239 315 360 450 520 810 890 (1270 1420 1775 1950
g 62 143 215 254 335 383 480 550 870 955 | 1350 1550 1930 2140
16 aé 152 227 W8 356 405 510 585 g25 1015 1450 ‘HE:SD.“ 2{)70 2230
12 72 167 255 295 390 450 565 650 1510 1120 {1600 IB3C 2300 2550
14 78 182 275 320 420 485 410 705 1160 1220 (1730 2000 2530 2860
16 83 195 295 345 435 520 415 755 F1ap 1300 | 1870 2140 2720 3000
ig B9 208 315 367 480 555 700 8OO 1265 1400 | 2000 2280 2900
20 94 220 333 KL:E] 510 590 740 850 1335 1480 | 2100 2430
-2 U 17 S 248 | 377 440 | 580 665 [ 830 960 | 1520 1670 2380 2720
kly 117 275 420 485 540 740 925 1050 1690 1870 | 2650 3000
35 127 300 455 525 695 BOO i0co 3150 1826 2020 | 850
40 137 30 490 563 745 Bé5 1975 1230 1970 2160

1/ TABLE PREPARED FROM DISCHARGE CURVES IN UTAH ENGIN. EXPT STA. BUL. 5. "MEASUREMENT DF IRRIGATION
WATER,'* JUNE 1955,

2/ STANDARD PiPE.

3/ QUTSIDE DIAMETER OF WELL CASING.

JOUVHISIA ITZZON dIANIMCS
€ 379vL




TABLE 5
CONVERSION TABLE — GPM AND CFS TO ACRE INCHES OF WATER APPLIED

SET TIME — HOURS

GPM | CFS é 7 8 4 9 10 11 12 14 16 18 20 24 35 48
45 A ) 7 &1 3 L A 12 1.4 1.6 18] 26| 24| 367 48
90 .2 1.2 1.4 16 4 1B 2.0 2.2 2.4 2.8 32 3.6 4.0 4.8 7.2 9.6
135 .3 1.8 2.3 2.4 § 27 3.0 3.3 3.6 4.2 4.8 5.4 6.0 7.2 1 10.8 | 144
180 4 2.4 28 1 32 i 3.6 4.0 4.4 4.8 5.6 6.4 7.2 B.0 9.6 | 144 | 19.2
225 | 5| 30l 35| 40 a5} so| s5| 60| 70| 80| 90100 120 180 220
270 N 3.6 4.2 4.8 5.4 5.0 5.6 7.2 B.4 9.6 | 108 | 120 | 144 | 216 | 288
s 7 4.2 4.9 5.6 63 7.0 7.7 8.4 9.8 | 1.2 | w26 | 140 | 6.8 | 252 | 336
360 B 48 56 6.4 7.2 8.0 8.8 96 1 112 | 128 | 144 | 160 | 19.2 [ 268 | 38.4
405 g 5.4 6.3 7.2 8.1 9.0 99 1 108 | 126 | 144 | 162 | 180 2.6 [ 324 | 432
450 1.0 6.0 7.0 B.0 o0 | 160 | 1o 120 140 | 160 | 180 | 200} 240 | 36.0 | 48.0
495 11 6.6 7.7 8.8 o9 | vie| s2r 132 154 | 76 | 198 | 220 26,4 | 396 | 528
540 1.2 7.2 8.4 o6 | 108 | 120 1321 144 | 168 | 19.2 | 2.6 | 240 | 2B | 432 76
583 1.3 7.8 o1 104t 117 | 120} 143 ] 186 | 82 | 208 | 234 [ 260 | 3.2 | 468 624
630 1.4 .4 140 | 154 | 168 | 19.6 | 224 | 252 | 0| 336 | 50.4 1 67.2
£75 1.5 D 500 165 | 180 | 210} 240 | 270 | 30.0 | 360 | 54.0 | 73D
720 1.4 144 | 1601 176 | 192 | 224 f 256 | 288 | 320 38.4 1 7.6 | 764
765 1.7 7ol 187 | 2004 | 238 ] 27.2 | 30.6 [ 340 | 40.B | 61.2 | 816
810 1.8 o] 198 | 216 | 252 | 28.8 | 324 | 36.0 | 43.2 | 648 | B6.4
B55 1.9 19.0 | 209 | 228 | 26.6 | 30.4 | 342 | 38.0 | 456 | 68.4 | 91.2
200 2.0 00| 220 | 240 | 280 ] 320 | 3.0 | 40.0 | 48.0 | 720 | 940
990 2.2 om0 | 242 | 26.4 | 308 | 352 | 39.6 | 440 | 528 | 79.2 [ 1054

1080 2.4 240 | 264 | 288 1 s34 | 384 | 43.2 | 48.0 | S57.6 | 86.4 {1152

1170 2.6 o34 | 2.0 286 | 31.2 | 36.4 | 416 | 46.8 | 520§ 62.4 ] 93.6 ;1248

1260 2.8 . . . 2.0 308 | 332 ] 39.2 | 448 | 504 § 560 | 67,2 1100.4 1344

1350 a6 {180 | 210 | 240 | 270 | 300 | 336 | 360 | 420 | 480 | 540  60.0 | 720 ;1080 ;1440

SH410ON
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